Abstract
Introduction

51
Falls when walking over surface level changes or stairs are a major cause of 52 morbidity and mortality in elderly people [1] [2] [3] . Vision has been shown to be very 53 important for safe negotiation of surface level changes and stairs 1, 2, 4 , with visual 54 impairment making it difficult to determine the exact position of tread edges [5] [6] [7] [8] .
55
Previous studies have shown that increasing foot clearance is a common 56 compensatory strategy which may reduce the risk of falling when stepping onto a 57 raised surface or over an obstacle for participants with (real and/or simulated) 58 impaired vision 5, 7, 9 , reduced visual field 10, 11 , reduced illumination
12
, under dual task 59 conditions 13 or when descending a raised surface/staircase under conditions of 60 reduced vision 6, 14 .
61
The present study determined whether increased foot clearance could be induced by 62 changing the appearance, rather than the physical height, of a raised surface and/or 63 stairs of a staircase. In a pilot study conducted on 21 young adults (mean age 28.2 ± 
78
To determine the potential efficacy of using the HV illusion on public raised walkways
79
and staircases, the present study focussed on determining the optimum parameters
80
for increasing foot clearance in older adults when ascending a raised surface or 3- ; 2) implementing 210 "dummy trials" after every third trial, in which the raised surface riser height or stair 211 riser height (bottom or middle riser) was altered by +1cm 8, 20, 21 . Data were not 212 collected during dummy trials; and 3) ensuring participants descended the staircase 213 to return to the ground from the top landing, using custom-built 'stepping stones' 8 214 positioned to the right of the staircase, the height of which varied between trials.
215
Participants were informed throughout the protocol that the height and appearance 216 of the raised surface/staircase would vary between some trials.
217
A 10-camera motion capture system (Vicon MX, Oxford Metrics, UK) was used to (Figure 4a-b) .
251
The following variables were chosen to determine whether any changes in gait due 252 to the HV illusion led to increases in instability during stair ascent 19, 24 ; 253 Single-limb support: from the instant of leading-limb foot-off up to touch-down, i.e. 
277
Due to the exploratory nature of the study, a 'type I' error adjustment of the alpha 278 level was not deemed necessary and the level of significance was set at p<0.05.
279
Factors of interest were incorporated sequentially and their statistical significance 280 was tested using a likelihood ratio test. Factors with a p-value less than 0.1 were 281 provisionally retained, whereas those above 0.1 were dropped. The final model 282 adopted was the most parsimonious one that was felt to adequately explain the data. VTC data for each staircase appearance are shown in Figure 5 and df=3, p=0.53) were unaffected by changes in staircase appearance (Table 3 ). The 333 variability of VTC is shown in Figure 5 . Inspection of the boxplot suggests there was 334 no systematic difference in variation across staircase appearance or stair number. 
Final foot placement (cm)
24.2 ± 6.1 24.9 ± 6.8 24.5 ± 5.5 24.4 ± 5.9 25.8 ± 7.1
Vertical toe clearance (cm) 6.9 ± 2.0 7.1 ± 2.0 8.5 ± 2.5* 8.5 ± 1.9* 8.9 ± 2.4* *denotes a significant difference (p < 0.05) between spatial frequency and plain/abutting conditions. 
Vertical toe clearance:
Bottom (cm) 6.3 ± 2.1 7.5 ± 1.9* 7.3 ± 1.6* 5.8 ± 1.9
Middle ( Bottom (cm) 6.7 ± 2.1 7.5 ± 2.9 8.0 ± 3.0 7.2 ± 2.2
Middle (cm) 8.3 ± 2.1 7.8 ± 1.9 8.4 ± 2.1 8.5 ± 2.8
Top (cm) 8.6 ± 3.1 7.5 ± 2.3 8.4 ± 3.7 8.5 ± 3.6
Trunk path-length:
Bottom (cm) 4.8 ± 2.3 5.0 ± 2.2 5.0 ± 2.1 4.8 ± 2.3
Middle (cm) 4.9 ± 2.0 5.1 ± 2.3 4.8 ± 2.2 5.1 ± 2.3
Top (cm) 6.2 ± 1.9 6.0 ± 2.2 5.5 ± 1.6 6.0 ± 2.1 *denotes a significant difference (p < 0.05) between the HV illusion stair arrangement and the control condition. NB: All conditions were compared to stair 1 (bottom stair) condition 1 (control, i.e. abutting). Stair 2 and stair 3 represent the middle and top stair respectively. Condition 2, 3 and 4 represent the HV illusion on the bottom and top stairs (2), the bottom stair only (3), and the top stair only (4). 
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